Objectives.To evaluate the cost-effectiveness of etoricoxib (90 mg) relative to celecoxib (200/400 mg), and the nonselective NSAIDs naproxen (1000 mg) and diclofenac (150 mg) in the initial treatment of ankylosing spondylitis in Norway. Methods. A previously developed Markov state-transition model was used to estimate costs and benefits associated with initiating treatment with the different competing NSAIDs. Efficacy, gastrointestinal and cardiovascular safety, and resource use data were obtained from the literature. Data from different studies were synthesized and translated into direct costs and quality adjusted life years by means of a Bayesian comprehensive decision modeling approach. Results. Over a 30-year time horizon, etoricoxib is associated with about 0.4 more quality adjusted life years than the other interventions. At 1 year, naproxen is the most cost-saving strategy. However, etoricoxib is cost and quality adjusted life year saving relative to celecoxib, as well as diclofenac and naproxen after 5 years of followup. For a willingness-to-pay ceiling ratio of 200,000 Norwegian krones per quality adjusted life year, there is a >95% probability that etoricoxib is the most-cost-effective treatment when a time horizon of 5 or more years is considered. Conclusions. Etoricoxib is the most cost-effective NSAID for initiating treatment of ankylosing spondylitis in Norway.
Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic disease that affects the axial skeleton, causing characteristics inflammatory back pain, which can lead to structural and functional impairments. Asymmetric peripheral arthritis is present in about 20-40% of patients with AS [1] . In Europe, estimates of prevalence of ankylosing spondylitis vary by tenfold from 0.08% to 0.86% [2] [3] [4] . The direct costs of AS are substantial. In Europe, the annual total direct costs per patient have been estimated at C1,800 to C2,800 [5] . The introduction of antitumour necrosis factor alpha (anti-TNFα) agents has increased the direct cost of AS [6] .
The first-line treatment of AS is nonsteroidal antiinflammatory drugs (NSAIDs) [7] [8] [9] . Patients with severe disease refractory to NSAIDs are eligible for anti-TNFα agents [10] . The nonselective NSAIDs (nsNSAIDs) have been associated with an increased risk of gastrointestinal (GI) adverse events such as ulcers and GI bleeding because of their inhibition of the gastroprotective COX-1 isoform. COX-2 selective inhibitors were developed with reduced GI toxicity when compared with nonselective NSAIDs. Etoricoxib and celecoxib have been demonstrated to have a superior upper gastrointestinal (GI) safety profile [11] [12] [13] [14] . The MEDAL (Multinational Etoricoxib and Diclofenac Arthritis Long Term) program demonstrated the risk of cardiovascular (CV) events with etoricoxib (60 mg/d and 90 mg/d) comparable to diclofenac (75 mg bid and 50 mg tid) [15] . On the efficacy side, etoricoxib has been shown, at doses of 90 mg and 120 mg, to be superior compared to naproxen 1000 mg in the treatment of AS [16] . Celecoxib (200 mg and 400 mg) showed comparable efficacy to diclofenac (150 mg) [17] .
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Given the economic burden of AS, a cost-effectiveness analysis of interventions for AS is warranted. The objective of this study was to evaluate the cost-effectiveness of etoricoxib (90 mg) compared to celecoxib (200 and 400 mg), diclofenac (150 mg), and naproxen (1000 mg) in the treatment of patients with AS in Norway. Analyses were performed from the health care perspective.
Methods
In the present economic evaluation, a comprehensive decision Bayesian modelling approach was used which integrates evidence synthesis and parameter estimation for efficacy and safety with cost-effectiveness modeling in a single unified framework [18] .
Markov Model Description. A previously published
Markov-state transition model was used to estimate the costeffectiveness of etoricoxib versus celecoxib and nsNSAIDs in the treatment of AS patients requiring daily NSAID treatment [19] . The model consisted of eight health states reflecting treatment received: (1) "initial NSAID" (etoricoxib, celecoxib, or nsNSAIDs, depending on intervention arm of the model), (2) "initial NSAID with proton-pump inhibitor (PPI)," (3) alternative nsNSAIDs with PPI, (4) alternative nsNSAID with PPI and aspirin, (5) alternative nsNSAID, (6) anti-TNFα treatment, (7) discontinued anti-TNFα treatment, and (8) death. All patients start in health state 1. Transitions from state to state were determined by lack of treatment efficacy, and the different types of events as presented in Table 1 . Figure 1 presents the different types of cost generating GI, CV, and other events relevant to each Markov cycle.
For each health state, utilities were assigned based on the Bath Ankylosing Spondylitis Functional Index (BASFI) and the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) [20] . Over time, BASFI will worsen thereby decreasing utilities. Disutilities were assigned based on occurrence of adverse events. Drug acquisition costs, and cost due to adverse events were taken into account.
The model was developed with a cycle length of 1 year. The model followed individuals for a maximum of 30 cycles (30 years) as by this time the majority of individuals had reached the absorbing state (i.e., death).
Source Data

Efficacy: BASFI, BASDAI, and Discontinuation due
to Lack of Efficacy. The efficacy of etoricoxib, celecoxib, diclofenac, or naproxen in AS regarding BASFI, BASDAI, and discontinuation was obtained from a previously performed systematic review and Bayesian mixed treatment comparison (MTC) of randomized controlled trials using noninformative prior distributions [19, 21, 22] . In Table 2 the individual study results are presented. In Table 3 , the results of the MTC as used in the cost-effectiveness analysis are presented.
For the model analysis, the expected change from baseline (CFB) estimates for BASFI and BASDAI by treatment were subtracted from background BASFI and BASDAI values which develop over time. Over time, an increase in BASFI of 0.5 (scale 0-100) per annum was assumed [6, 20] . It was assumed that background BASDAI scores remained stable over time [16, 23, 24] . For patients who continue responding to treatment, it is assumed that their treatment effect regarding BASFI and BASDAI (i.e., the CFB scores) remain constant over time. Patients who switched to another nsNSAIDs were assumed to have the average treatment effect of diclofenac and naproxen as obtained from the MTC. For patients that switched to anti-TNFα, a treatment effect of 23 points and 19 points was used for BASFI and BASDAI, respectively.
It was assumed that 10% withdraw from anti-TNFα each year [20, 25] . For patients who withdraw from anti-TNFα treatment BASDAI, and BASFI measurements revert back to baseline values as reported by Ara et al. [20] .
2.2.2.
Safety. An overview of all event-related parameters is presented in Table 3 . Incidence rates of an upper GI perforation, ulcer, or bleeding (PUB) for etoricoxib, celecoxib, and the nsNSAIDs were estimated with an indirect comparison of the relative incidence rates versus placebo as reported by Ramey et [11, 14, 19] . Incidence rates for suspected PUBs were calculated by subtracting the PUBS from all-investigator-reported PUBs by Ramey et al. [11] . Rates of minor GI symptoms were based on discontinuations due to clinical GI events in the MEDAL programme [28] . Except for PUBs, the rates for other upper GI events with etoricoxib were also used for the celecoxib arm of the model. The probabilities of treatment of GI events were based on Moore et al. [29] .
The incidence of a thrombotic CV event with etoricoxib, diclofenac, and naproxen were obtained by performing an indirect comparison of the results from the MEDAL programme by Cannon et al. and the relative incidence rate of etoricoxib versus naproxen from a meta-analysis of thrombotic CV events in 12 phase II-IV clinical trials [15, 19, 30] . Rates for etoricoxib were also used for the celecoxib arm of the model. The occurrence of edema, hypertension, coronary heart failure, hepatic adverse events, and renal events were obtained from the MEDAL programme as well [15] . For anti-TNFα treatment, and treatment after anti-TNFα, no adverse events were taken into consideration.
The adverse event rate for second-line nsNSAID therapy was assumed to be equal to the average of those obtained for diclofenac and naproxen, with the exception of the incidence of an upper GI event in a patient receiving nsNSAID plus PPI therapy, which was assumed to be reduced by 40% [29] . The GI and CV risk for a patient who switched to nsNSAID plus aspirin and PPI was assumed to be comparable to that for nsNSAID alone.
Mortality.
The case-fatality of a UGI PUB or LGI Bleed was 3.6% [29, 31] . A 13% case-fatality for a CV event was used for etoricoxib and celecoxib, and 12.8% casefatality for nsNSAIDs [15] . For patients not experiencing GI or CV adverse events, a Norwegian annual age-dependent mortality was used, as obtained from the life tables for Norway [32] . For the evaluation, an AS population with an average age of 45 was assumed (base-case scenario) [16] .
Utilities.
Utilities reflect the preference for a certain health state and are measured on 0-1 scale. A value of 1 reflects perfect health and 0 represents death. By summarizing the utility value over time, quality adjusted life years (QALYs) are created. Life years were transformed into QALYs
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Costs.
Annual drug acquisition costs were calculated based on the most commonly prescribed drug within a drug class and obtained from the Norwegian Medicines Agency (NoMA September 2007). For anti-TNF treatment, annual costs of etanercept were used. For each type of GI event, numbers of units of health care resource use were assigned and respective unit costs applied to all healthcare resources to calculate the cost per event. The key cost items for GI events included costs of treatment (drugs and dispensing), GP consultations, investigations, inpatient days, and surgery. Costs of thrombotic CV events were weighted according to rates in the MEDAL study. All costs of adverse events were limited to the first year. Cost for the other adverse events (i.e., edema, hypertension, hepatic, and renal) were not taken into consideration. Drug costs related to adverse events were obtained from NoMA (September 2007); costs related to GP visits were obtained from the Norwegian Medical Association (July 2007), and inpatient costs related to events were obtained from the DRG price list [37] . All costs were expressed in 2007 Norwegian kroner (NOK).
Estimating Model Outcomes.
Given the Markov statetransition model structure, the source data were combined and translated into the following outcomes: quality adjusted life years, drug acquisition costs, costs of adverse events, total costs, and net monetary benefit (NMB) calculated as QALYs multiplied with a willingness-to pay ratio (WTP) minus costs. WTP is the amount that decision makers are willingto pay per additional QALY gained. Effects and costs were all discounted at 4% in the base-case scenario.
Since the model was fully probabilistic, outcomes were estimated with MCMC simulation using WinBUGS v 1.4. For each iteration of the model, new parameter values were sampled from the estimated (posterior) or defined distributions for efficacy, safety, and costs (see Table 3 ). The model was evaluated by averaging output values over many iterations (i.e., 10.000), allowing uncertainty in model parameters to be accounted for. For each iteration, the QALYs and cost accrued for each cycle were calculated for each of the treatments according to Sonnenberg and Beck [38] . At the end of each iteration, the cumulative QALYs and costs over the cycles were obtained by summing the results over all cycles. Next, the incremental cost, incremental QALYs, and incremental cost-effectiveness ratio (ICER = incremental costs/incremental QALYs) of etoricoxib versus the other interventions were evaluated. The probability of cost-effectiveness was expressed with cost-effectiveness acceptability curves, calculated as the number of iterations out of the total number of iterations for which the NMB was greatest for a given treatment out of all 4 treatments. Furthermore, analysis were performed to identify the impact of uncertainty in the source data on the uncertainty in the QALYs, costs, and NMB estimates.
In the base-case scenario, etoricoxib (90 mg) was compared with celecoxib (200 mg & 400 mg), diclofenac (150 mg), and naproxen (1000 mg). In alternative analyses, the following scenarios were evaluated: (1) celecoxib 200 mg was used instead of celecoxib 200 mg/400 mg, (2) only GI events, (3) only CV events, (4) no adverse events, (5) no discounting on costs and effects, (6) 8% discounting on costs and effects, (7) stable BASFI over time, and (8) assuming an age of 20 years, and (9) anti-TNFα costs excluded. For each scenario uncertainty in input parameters was taken into consideration, as outlined above. Table 4 , the results of the basecase scenario are presented for 1 year, 5 years, and 30 years of follow-up. There was more than 98% probability that etoricoxib resulted in higher expected QALYs than the other interventions of interest.
Results
Base-Case Scenario. In
Drug costs are expected to be the highest with celecoxib (200 & 400 mg) followed by etoricoxib (90 mg). The nsNSAIDs result in the lowest drug costs. After 5 years, however, the lowest drug costs can be expected for the patients for whom treatment was initiated with etoricoxib due to the higher probability of staying on initial therapy and not switching to the far more expensive anti-TNFα treatment. After 30 years, the difference favoring etoricoxib was even greater.
Relative to a patient starting with nsNSAIDs, the costs due to GI events were lower for a patient starting with etoricoxib or celecoxib as a result of a reduced risk of treatment-requiring GI events. After 30 years, the GI-related costs with etoricoxib were higher than with celecoxib because this latter group of patients switched quicker to anti-TNFα, which is not associated with GI events. Until 5 years, costs related to thrombotic CV events were similar with etoricoxib, celecoxib, and diclofenac, and slightly higher than with naproxen. For the same reason as the GI-related costs, the CV-related costs with etoricoxib were higher than with celecoxib and diclofenac at 30 years of followup. Overall, naproxen resulted in the lowest cost at 1 year; however, at 5 years and beyond, etoricoxib resulted in the lowest direct costs of the four alternatives; at 5 year, there is a >96% probability that the lowest costs are obtained with etoricoxib. This increased to >99% at 30 years.
In Table 5 , the difference in costs and QALYs of etoricoxib relative to the other interventions is presented. Given the more favourable outcomes regarding costs and QALYs with etoricoxib after 5 years of followup, etoricoxib is considered an economically dominant intervention. At 1 year, etoricoxib is economically dominant over celecoxib. The incremental cost-utility ratio (ICER) of etoricoxib relative to diclofenac and naproxen at 1 year was 59,221 NOK and 107,256 NOK, respectively. In Figure 2 , the probability of cost-effectiveness for the different interventions at different willingness-to-pay (WTP) ratios are presented. For a WTP 200,000 NOK per QALY there is an 85% probability that etoricoxib is the most cost-effective intervention at 1 year. This increased to more 6 International Journal of Rheumatology than 96% for WTP of 500,000 NOK and higher. At 5 and 30 years, there is a more than 99% probability that etoricoxib is the most cost-effective intervention. Figure 3 provides an overview which of the parameters have the greatest impact on (uncertainty) in model outcomes. (1) only GI events were included as adverse events, (2) only CV events were included as adverse events, (3) no adverse events were included, (4) no discounting was applied, (5) 8% discounting was applied, (6) BASFI was assumed to be stable over time, and (7) assuming an average age of 20 years provided comparable cost-effectiveness results as the base-case analysis. Only for the scenario where anti-TNFα costs were set to zero, etoricoxib was no longer dominant. However, etoricoxib can still be considered cost-effective, independent of the time horizon (see Table 6 ).
Discussion
The economic evaluation demonstrated that etoricoxib 2 Probability that a certain intervention provides best outcomes (i.e., greatest QALYs, lowest costs).
(1000 mg) for both QALY gains and cost savings for a time horizon longer than 5 years. For a 1-year time horizon, etoricoxib is associated with greater costs than diclofenac (150 mg) and naproxen (1000 mg), but can still be considered cost effective. In addition to drug acquisition costs for the NSAIDs, also costs for anti-TNFα treatment after failure on NSAIDs were taken into consideration. Given the model structure we opted for, the average duration on any NSAID was estimated to be 11.2 years (95% CrI 9.0-13.2) for the patients starting with etoricoxib, 7.8 (6.8-9.0) years with celecoxib, 8.3 (6.8-10.1) years with diclofenac, and 8.4 (6.9-10.2) years with naproxen. These differences explain the savings regarding drug acquisition observed when initiating treatment with etoricoxib over the other treatment strategies observed at the 5,-and 30-year time horizon. However, when the anti-TNFα acquisition costs are taken out of the picture, etoricoxib is still economically more favorable than celecoxib, diclofenac, or naproxen (see Table 6 ). For the current economic evaluation, a comprehensive decision modeling approach was used. With this approach, an indirect comparison of efficacy and safety estimates were integrated with cost-effectiveness analysis in a single framework [18] . The advantage of this approach is that no assumptions were made regarding the uncertainty distributions used for sensitivity analysis; the Bayesian posterior uncertainty distributions of the treatment effect and GI and CV events as obtained from the MTC were directly propagated through the Markov model. The most important factor in the cost-effectiveness analysis was the probability of discontinuation as estimated with the MTC (see Figure 3) The etoricoxib GI safety data as used in the analysis were obtained from clinical trials in OA, RA, AS, and chronic low back pain patients [11] ; the celecoxib GI safety data were obtained from the CLASS study [14] . These data were assumed applicable for AS. It could be argued that AS patients are likely younger than the average patient in the GI meta-analysis and, therefore, have a lower GI risk. However, AS patients often receive higher nsNSAID doses than patients with other arthritic conditions, thereby increasing their risk for GI events. Risk estimates of CV events were based on the MEDAL programme comparing etoricoxib with diclofenac among OA and RA patients and a meta-analysis of 12 phase II-IV clinical trials comparing etoricoxib with naproxen, among OA, RA, AS, and chronic low back pain patients [15, 30] . As AS patients are on average younger than patients in the MEDAL programme and the meta-analysis, it can be argued that the risk for CV events might have been overestimated in the model.
In the model, the risk for a second CV event was set to be the same as before the CV event, assuming that the increased CV risk due to the history of a CV event was counterbalanced by adding aspirin to the NSAID. However, the history of a CV event might have a bigger impact than the protective effect by aspirin, which would imply an underestimation of the risk of CV events in the model, and, therefore, an underestimation of the costs due to CV events. The effect on the difference in costs, however, would be limited because the underestimation applies to both treatment initiated with etoricoxib and nsNSAIDs.
Costs associated with severity of AS (i.e., GP visits, specialist visits, paramedical visits, hospitalization, technical examinations, adaptations and aids) were not included in the analysis. For the UK, Botteman et al. showed that each incremental change in one unit of BASDAI (0-100 scale) was estimated to be associated with a direct medical cost increase according to Cost = £708.45 + £75.00 * BASDAI [51] . For the Norwegian situation, no such information was available. As a result, the cost savings of treatment of AS have probably been underestimated, especially for etoricoxib.
This evaluation was performed for the Norwegian local situation. In general, it is difficult to "transfer" costeffectiveness estimates obtained for one country to another, due to differences in treatment practices, resource use, and unit cost data, among other. Although the cost-effectiveness findings in this study were primarily driven by differences in efficacy of the compared interventions, the cost-effectiveness of the different NSAIDs for the management of ankylosing spondylitis in other countries needs to be confirmed with country-specific analysis.
In conclusion, given the underlying assumptions and current evidence available, this economic evaluation demonstrated that etoricoxib is a cost-saving and QALY gaining therapy for AS in Norway from a health care perspective.
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